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(g) Silicon oxide based thin film vapour barriers. 



© A flexible poiymer substrate. 

^surface that carries a thin film. Thethm fflrr, ^^^^^^n ga s that is less than about 0.1 
surface and thin film together have a P«^ b J ,l ^ o ™ an M^ 0n a oxid e. The film is deposited in a 
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and useful for packaging applications. number 07/426,514, filed October 24, 1989, that 

This application is a common assignment herewith. 

is a continuation of 07/073,792, filed July 15, ^^S^^^^mi^Mm. For example, m ixt- 
Plasma polymerization has b °« na ^°7'^ 

Yasuda, ThinSoydFilrns^, P^™^2lES2i> and described the plasma polymerization of 
,icon compounds in which s.l.con ^^S^^^ of W gas.Thefilms soformed were 
tetrameth/disiloxanebyamagne^ngjowd.^ 

coatings from organosil^n compounds ^ 

sb substrates. ^moounds in Plasma enhanced deposition has been the vari- 

Afurther problem with use of organos.hcon ™ »JJ2«on The traditional method used to con- 

atoninpdymerizationconditonsand monitor and attempt to control the 
M plasma processes ^^^££££2 and do not accordingly control the thin films berng 
process. However, these ^^^""X* >>» is extremely complex. 

30 produced. As a consequence, £ J^ESr oxygen, and carbon dioxide are useful for a vane* 

35 substantially organic based or substentiaUy ^^T^ These inorganic coatings can be produced 
Inorganic barrier coatings typically are ^^ "patenta 442,686, issued May 6. 1969, inven- 
as thin layers in vacuum deposition chambers ^^^,^2^^ hi. «nge ofM to 2 mfao« 
tor Jones, describesapackagingf.^ 

are produced by electron beam evapora ton of f™ m ™°™* y s Pate nt 4,702,963. issued October 
40 these inorganic ratings as substantially cont.n^ 

27.1987.Len tore Phi..^ 

ings. The inorganic coatings are s.licon *«*^2^fi «« to serve as an adhesion layer and assist in 

tiesontheorderof .bout 02 o^100fc«d«y ^ ^SE^Troioea luive somewhat better barrier 
0.2 g/100in>/day. The packaging films exemplified »£5^££!»<*+o*W cc/100in>/day and 
parties, but are on the orderofhav^ 
so water vapor transmission rates of about O07 , fie|ds wnere tne material being packaged 

since there are many applicahons n J*^££££ ™ d perties ^ be further improved by additional 

r a ;ro^ 

. ^Fig^ 

F ^e2schematica.y — 
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F'Lea 9A and 9B illustrate the use of an unbalanced magnetron in the system of Figure 2, and 

^neTne^^ 
naloarxed.t^ln.dttlda^.P^ 

ptaenna. The «o»ng centre, aleourdud^ 

,n,==^^ 
^rpT^s^ 

de^surfacLndemlnhlmca^^^^^^ 

are usuallv about 0.5 - 1 mil for food packaging applications. „ rQfoirafl films are sub- 

^ Tdrough .he P-eaa haa an crganoslUcon compound aa a 

sten«a,r,lno, 9 »nicasev,denc^ 

including atleaat three oomponenta: avolaSliaadoqanoaillcon component, an ox»en component and an mart 
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gascomponent The combination of oxygen component and inert «-«^^^^° n ^ 
Scon component has been found to greatly increase the hardness property of thin 

Rmspreparedeitherwith the organosiiicon combined oniy with ^""^SS^SSSS 

r ^1212^2 £ ^ teTof atoufy to about 9 + . The numbers reported are based on a scale of 0 to 10 
where 0 means the least ^«^nw» ■ accordance with the invention are typn 

voiatiS ^ havfa S ng point S,ove about ambient temperature and include methylsiiane, diethyls ane. 

' "^The volatilized organosiiicon component is preferably admixed with the oxygen component and the inert 
gascompT Tbefo* being flowed into the chamber. The quantities of these gases being so adm.xed are con- 
bv flow conlollers so as to adjustably control the flow rate ratio of the gas stream components. 
Corg7n«Sn Compound and oxygen of the gas stream during the depositing may be, for examp e >n 
5 aflcwrtS^ 

fs him When the inert gas is heiium or argon, then a suitable flow rate ratio of organos.hcon compound, 
Lvaen and inert gas is about 1:0.6:1 .2. Other flow rate ratios may be used, however, rf des rable. 
°Tn addtJn tome necessary organosiiicon, oxygen and inert gas in the gas strearr f — — 
greater than about 1:1 with respect to the organosiiicon. more preferably about 0.4 ^^"J""™ 
» o oanosilicon) of one or more additional compounds in gaseous form may be included for particular deseed 

Sof^ 

Tto TscmZ^^ ** to 40 SCCM O, 40 to 60 SCCM He, , to 10 SCCM propylene and 5 to 20 

M SCC in oractice of the inventive method, a glow discharge plasma is established in the previously evacuated 
.halbe ?lZ DtsmaTderived from one or more of the gas stream components, and preferably ,s denved 
t^'J5£wZS£* s^trate is positioned in the plasma, preferably adjacent the confined 
andoutofthe plasma adjacent the confined plasma for a suff,cient number of passes to obtam the desred film 

45 ^ The' invents method is preferably practiced at re.atively high power and quite low pressure Jhus for 
„ Ju!* 1 t o f the films have been prepared at about 1,000 watts (40 kHz), although films have been prep- 

p^orr) shouW be maintained during the deposition, and preferably the chamber is at a pressure between 

50 n^™toS 

and is at a temperature of less than about 80" C during the depositing. That is, the substrate is not del.berately 

"^TJe flow control is selective for desired film properties, and preferably is by a diagnostics ^ethod «hat 
55 includes nTnitoring a ratio of a hydrogen (alpha) to inert gas emission lines and an , *<*ron 

plasma The general vacuum system in which the inventive method may be pracbced and the preferred d.ag 

n "Sf~ a :.;™ 
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Ageneral system control 25,induding acomputer control portion, l"™^*^*!"^™'^ 
, ^.?»*Lb te brine .9 The bsfn.4* is «MU tyth. extern conM 25. a coabr* process 



aacMaaa^ponen^is*.*,^ 
-.Ith-aapacttoFigur^andafo,^^ 

W, n» having uniform charactenatics. A ^"^"^^^u,. pnaaaahzad 9 asaa65 and 

67 are oxygen and helium, respectively, i ne pamcu w u a S v a mDle PECVD process is a 

loxane (HMDSO), its structure being ii.us.ated ^^*^^^^S^ diagnoses and 
thin Him that is very hard, scratch resistant, ^^SSTI^ have a v^de and general appli- 
contro. techniques about to be descnbed wrthre^pe ctU J^JjJ^^u. in thin film deposition pro- 
cation to numerous other specific plasma processes ana starting g«. & 

^ 3 * an opfca, andsaton apaaran, ^ ^3^1-^^ 

plaan.aion.adin.h.p^aa^^ 

emiaaionrinaaaFan^rcrfanduaadtodiasn^ 

. intensity levels are utilized to to control the rate of flow 

intensity of the hydrogen alpha line 81 to ^^^^S!^ When that ratio exceeds a reference 
of the silicon source material vapor through ^^^^S^^^>^ the rate ° f fl ° W ° f the 
value, the computer control system 25 causes the va appals „ » ^ ^ 

sinconmatenalvapor.without affecting^ 

» ence value, the vaponzing apparatus emission lines of a single atomic or molecular 

A second ratio that is utilized is of the * h d alpha line 8 1 and the hydrogen 

species in the plasma. In this ^^^^X^ ^average electron energy (average 
beta line 83 are used. As explained below ttitomtto teWMO g ^ ^ 

electron temperature T J of the plasma. oxygen without affecting the rate of flow 

trons in this gaseous mixture relationship of the emission line intensity 

40 The nature of our example plasma will now oe expioreu, « the 
ratios to itwii. be explained. Figure 4A ^illustrates a ™^^ and 
portion Si-O-Si be deposited on the substrate. As noted in is 8 .31 electron 

oxygen atoms is significant higher than the other bond ™ ™ n volts Figure 4B shows 

volts. The bond between the stona^and h e me ^^^eVore In a plasma having a dfctribu- 
45 the methyl group with a carbon/hydrogen bond of 3.51 etectron von& probability that a collision 

«onof highenergyeiectronscomdingwith the ^^"^^JS^ away from the rest of 
of an electron with the molecule win cause a ^^ < ^XSu^ !*» the plasma is believed to 
the molecule without affecting the S,-0-S, compounds that are exhausted out 

combine with the hydrogen and the beneftof the oxygen component 

Figure 5. A solid curve 87 shows one such ^[^^^^g hTve a h^^er^r^r^ tiie c^stt^bution of energies shifts, 

™b^^ 



having an energy great enough to undesirably freaKtne ai logarithmic 

It will also be noted from Figure 5 that the three emission^ ne |jne gg ^ 

represented. The ^^en a.P^ 

£££^^ 

wavelength of radiation when the atom >M tan* ^-J^^T ^ A colli3ion with an electron of 
Figure 6 shows an ^^^^^^S^^SSZt its electron being moved from a 
more than 12. 07 electron volts can cause the atom to ^become excrtec wnn ^ fo 

ground energy quantum .eve. n=0 to a higher, . ^^"^^^pholon is emitted. Similarly, the 
the next lower energy quantum level n=2, hydi^wj JP»«JTB J co| , ided with an elec . 

hydrogen beta wavelength line photon is emitted when 'T^SSS^Z^ quantum .eve. back 
trono^energy greater than 12.73 f ^.^^ is re.ated to the 

to the n=2 energy quantum level. As a result .the nyarog ^ ^ 

density of electrons in the plasma having ^J^jj^,^,.,, electron density curve to efieo 
emission linesttenprov^ 
, tivery be fit to those two « se P arate,y 

However, the high energy "tail 0 ^ t t n ^ ,e ^7"^ 9 / h ^ s t of the curve since the electron densities rep- 
The hydrogen line intensity f^^^Ze^Z IbuTn Ze. But the density disbibution 
resented by it are at energy levels in the main P^™T"J» This is believed due to ineffective energy 
athigherenergylevelscanatthesamet^ 
. coupling. Therefore aseparatem^ 

^^^^^ 
- fordS^^ 

of helium predicts theee beneJelal ,„ advanla!1 eous since helium is Inert. The 

Uee of the helium emission line in fonr.ng the KM » e ■ ooventsge, ee well es 

» gss does no. combine - «... ^ oom^ne « . ^'^™.« s 9 used in m axampla prtnart., * 

40 of Figure 5 needs to be altered for a process being P*™"^ \^„1^TL average energy of the elec- 
ting the excitation frequency ol f the power ^^^^^ Md. The 

=r^ 

S ratio of the flow rate of 

The determination of average electron ^ en *'*J'"™™ t _ e dete rmination of electron temperature 
50 sion line intensities is very signflcant. Othe* have ^J^^S^ relationships between 
ofaplasmafrom its emission T^l^^Km^e long been known. However, these 

electron temperature and the intensity of a '^SZ!Z!^^dSL and electron densities in the 
mathematical relationships also include addrttonaM ^^"^^-y to accurately determine elec- 
plasma.Withsomanyunknowns^t.s.mpossib.eto^ 



appeals. It would then be that line intensity ratio to W ^ IC ^1 ^ gtep lol^calculatea that quantity. U.S. 

of copyright is made by The BOCG^^^^ 

lication of the said Appendix by photocopy.ng and the l.ke ^* re ^ s ^^ r 1 05 P Qf tne proce ssing algorithm 
Once the actual and desired quantities are -n the system, ^"^itsll^es A first step 107 compares 
,ooksatthe intensity ^between the hydrogen ai^ 
theactualanddesiredratiosJf^ 

vaporizing apparatus 71. If it is, the processing V*» 1 £ iShiXe range Sf the vaporizing 

5 is P erformedagain.lftheseca>ndcal^^ 

apparatus 71 . then the processing is stopped and an error message displayed tor m v 

"^eeilieoneo^vapa—iaa^^^ 

and repeatability of film properties from substrate to ^bstrate new ly calculated voltage for the 

valve control voltage is within its range, the process ing is ,0 °P f f tj After the fourth 

thatare allowed before going to the next calculation module 121 ^can , vary. 

to the beginning module 101 to start ^"Tf^ ^ process being described that can be changed 
Of course, there are many variations in the details of the process , « » techniaues that are so 

so without sacrificing the advantages provided by the bas.c em.ss.on l.ne monrtonng techmques 

implemented. The same techniques are used with other ' 9 a8 ° S g 29 are not lncluded in 

quanta .no adjuailn,^^ 
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In olan view the structure of Figure 8 is elongated in a direction normal to the plane of the paper 

The s^re of Figure 8A is termed a balanced magnetron. Its magnetic l.nes of b *" 
„ J/nnV^Z outer south magnetic poles and a central north pole. As is well known, electrons and ions 

2 ' An unbalanced magnetron that alternatively can be utilized in the system of Figure 2 is showr ,ir , Figure 

l^ CllU, . b»ft*l bomberdtoent by ions and lecbon. in th. 

s Se™ This is known to improve some properties of .he reselling depoaW 

Wsothe deposition rote has boon found to be much bettor with en unbalanoed magneto, stnjotore of Fan. 

■ as 

voltaae o he ^power supply, the pressure of the chamber, the gasflows. and the vaponzer pressure). An e m s- 
ratio was obtained The substrate was then conveyed through the plasma region by means of tiie roH coating 

the system was shut down and the coated substrate removed. 

The following abbreviations wfll be used: 
PET - polyethyleneterephthalate 
55 TMDSO -1,1,3,3-tetrarnethyldisiloxane 

SCCM - Standard cubic centimeters per minute 



ipm - Inches per minute 
Ha - Hydrogen alpha emission line at 657 nm. 
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Example I 

An embodiment of the invention was prepared on a PET substrate having a thickness of 0.5 mils. The 
organosilicon used was TMDSO. The process conditions selected were: 
Power 460 Watts 
Current 0.97 
Voltage 467 

Chamber Pressure 37 microns ...... 

Gas Stream Composition TMDSO (15 SCCM); 0, (45 SCCM); He (90 SCCM) 
Vaporizer Pressure 200 Ton- 
Hydrogen (alpha) to inert gas ratio 0.58 

(ESCA). 
Example II 

Gas transmission properties for the inventive films on flexible substrates are a function of "ckne^s, 

I sets out the different thicknesses and the oxygen transmission for each. 
0 Table I 

Coating Oxygen transmission 
Thinness LA) (cc.nmn /da ^ Vl 



1969 


1.24 


1400 


0.19 


1000 


0.12 


400 


0.06 


133 


0.04 


33 


1.96 


16 


4.14 


0 


7.00 



While the invention has been described in connection with specific embod.ments thereof, rt wrt be unaer 
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invention and the limits of the appended claims. 



Claims 

1 A method of depositing a silicon oxide based film with vapour barrier properties «™P risi "9 : 

1. A methoo oi r oep a volatilized organosilicon compound, oxygen, and an inert gas. 

pressure of less than about 100 microns during the deposition. 

2 A method according to Claim 1 in which the inert gas of the gas stream includes helium or argon. 

* ^^^^^^^^^^^ 

hexamethyldisilazane. 

4. A method according to any preceding daim in which the deposited siiicon oxide is substantially inorganic. 
5 A method according to any preceding claim in which the predetermined thickness * less than about 600 
A. 

6. A method according to any preceding clabn in which the pained t0 
the silicon oxide layer with a oxygen transmission of less than about 0.1 cc/100.n /day. 

7. Amethttiaccordingtoanyprecedingdaimi^^^ 
is between about 1 00 A to about 400 A. 

8 A method according to any preceding claim in which the substrate is flexible. 

0.04 cc/100in 2 /day. 

10 - Ana T fle ^ 

surface and thin film together having a permeability to c^n £. > 

0.1 cc/1 OOin^/day. the thin film having a thickness less than about 1 000 A. 

11. An article according to Claim 10 in which the thin film is a substantially inorganic silicon oxide. 

12. An article according to Claim 10 or Claim 1 1 in which the thin film thickness is less than about 600 A. 
13 An article according to any one of Claims 10 to 12 in which the thin film Sickness is between about 100 

A to about 400 A and the permeability is less than about 0.04 cc/100in 2 /day. 

14. An artide according to any one of Claims 10 to 1 3 in which the substrate has a thickness of about 1 mil 
or less. 

15. An artide according to any one of Claims 10 to 14 in which the substrate indudes polyethyleneterephtha- 
late or polycarbonate. 
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CH 3 CH 3 
CH 3 -(si - 0 - SiJ**CH 3 
CH 3 CH 3 
BOND STRENGTH: 

- o»v 

»« 453 4 

FIG.-4A. 
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FIG.-4B. 
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FIG.-4C. 
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